The purpose of this study was to form new dispersion systems based on chemically interesterified waste turkey fat containing sesame oil (2:3 wt./wt.) and to evaluate effectiveness of synthetized diacylglycerols stabilizing these emulsions. Sesame oil was used to enrich and improve turkey fat's composition with unsaturated fatty acids derived from oil. Physical properties of raw fats and fat blends (before and after the reaction) were determined. Increase of acid value and crystallization point was noted after the reaction, and no changes occurred in the fatty acid composition of the sesame oil and turkey fat blends. Diacylglycerols were synthesized from specified monoacylglycerols, then purified, and analyzed by means of Gel Permeation Chromatography (GPC) and Thin-Layer Chromatography (TLC). The role of the amount of synthetically obtained diacylglycerols (DAG) as emulsifiers in obtaining the stable emulsion product was examined. 6% (wt./wt.) was found to be the smallest amount of DAG emulsifier needed to properly stabilize the prepared emulsions. The proposed new emulsion products could be applied as new food product formulations like mayonnaise sauces or dressings. Such formulations containing beneficial fats like turkey fat or sesame oil, as well as new structured diacylglycerols could meet customer requirements.
Introduction
Oils and fats contain triglycerides which typically consist of glycerol and saturated and unsaturated fatty acid esters [1] . Physical properties of commercial fats are closely associated the kinds of fatty acids and triacylglycerol compositions [2] . The type of fatty acid in each position profoundly affects physical behavior of fat and oil, while the relative proportions of every triacylglycerol in fat and oil are crucial to their overall behavior and stability. Composition of fats and oils has a great impact on texture of a final product.
A lot of native vegetable oils or fats have only limited applications in their original form because of their specific chemical composition. To expand their utility, vegetable oils can be modified either chemically by hydrogenation or interesterification or physically by fractionation [2] [3] [4] . In general, interesterification has become a useful tool in the fats' and oils' industry for modification of both the structure and properties of fats [2] . Chemical interesterification is an alternative to the undesirable partial hydrogenation process that can be developed to obtain fats and oils with a desired functionality. Moreover, chemical interesterification allows to obtain fats that have low trans-isomer content or are trans-isomer free [5] . As part of interesterification, fatty acids (FA) are not altered, but redistributed within triacylglycerol molecule or between triacylglycerols. Thus, this kind of chemical modification breaks the existing ester bonds and forms new bonds in glycerol molecules. Chemical interesterification leads to a random distribution of fatty acids among all three stereospecific positions [5] . Therefore, chemical interesterification modifies the structure of triacylglycerols (TAG) and such physical properties of fats as crystallization 1 3 behavior and melting point, solid fat content, and texture, contributing to a greater availability of fat fractions for final product applications [6] .
An emulsion is a colloidal dispersion of two immiscible liquid phases, with one liquid phase present as small spherical droplets (the dispersed phase) in the other (the continuous phase). From the thermodynamic point of view, emulsions are unstable systems. The usual mechanisms leading to physical instability of emulsions include creaming, sedimentation, flocculation, coalescence, or Ostwald ripening [7] . A great deal of theoretical and experimental research has been carried out to establish the factors that determine rheology and stability of emulsions. The correct amount and type of emulsifier added to the system is one of them. Diacylglycerols (DAG) at different degrees of purity are used as additives or carriers in food, medicine, and cosmetic industries. With a hydrophilic hydroxyl group in the molecular structure, diacylglycerols exhibit interfacial properties and surface activity which make them suitable as emulsifiers [8] .
Chicken and turkey are the main ingredients of meat products in Europe, beside pork, and beef [9] . The turkey fat is obtained by food industry mainly from turkey production waste. The average fat content in turkeys is 15% of their weight [10] . Unfortunately, it is not a valuable consumer product despite its low price [11] . Currently, turkey fat is used as a component of poultry products. It can also be found in products such as sausages, smoked meats, sandwich products, and in ready-made dishes. It is also a component of animal feed [12] . Poultry and fish meat and fat are considered good sources of polyunsaturated fatty acids (PUFA), moreover, occurring at favorable ratios [13] . Poultry fats are more easily absorbed than beef and pork fats. They additionally contain more vitamins (A, E) as well as carotenes [14] . The bioactive component present in turkey fat is conjugated linoleic acid (CLA) [15] . Conjugated linoleic acid has a broad range of effects on the human body, including antioxidant, antineoplastic, or bacteriostatic action [16, 17] . Moreover, turkey fat contains larger amounts of CLA than, for example, pork [18] .
Sesame oil is one of the world's most important oils and has been regarded as a nutritious food. The antioxidant activity of sesame oil and its various healthful properties are attributed to the presence of various bioactive components like phytosterols, tocopherols, and flavonoids as well as lignans sesamin and sesamolin [19] . Moreover, sesame oil is a supplement with known anti-inflammatory properties and can reduce the risk of cardiovascular disease. Current studies have shown that this oil can reduce low-density lipoprotein (LDL) while maintaining high-density lipoprotein (HDL) levels [20] . Sesame oil is extremely resistant to oxidative rancidity [21] . From the consumers' point of view, sesame oils have a mild odor and a pleasant taste [22] .
Literature offers no data concerning chemical modification of turkey fat. Therefore, chemical interesterification of this fat with sesame oil was carried out to find an application for food industry waste, i.e., turkey fat, by enriching and improving its composition with unsaturated fatty acids derived from oil.
The purpose of this study was to form new dispersion systems based on chemically interesterified waste turkey fat containing sesame oil (2:3 wt./wt.) and to evaluate effectiveness of synthetized diacylglycerols stabilizing these emulsions. The role of the amount of synthetically obtained diacylglycerols (DAG) as emulsifiers in obtaining the stable emulsion product were examined.
Materials and methods

Materials
Monoacylglycerols (MAG) were donated by Oleon NV (Oelegem, Belgium). Their composition was as follows: 95.1% MAG, 3.8% DAG, and 0.3% free glycerol and the acid value was 1.6 mg KOH/g. The fatty acid composition was as follows: C16:0 (7.9%), C18:2 (53.5%), C18:1t (3.1%), C18:1c (35.2%), and C18:3 (0.3). The values presented are stated in the manufacturer's certificate. To obtain high-purity diacylglycerols, the following reagents were used: sulfuric acid (VWR Prolabo; > 95%), petroleum ether (Acros Organics; for analysis), sodium hydrogen carbonate (Merck; for analysis), ethyl acetate (Fisher Scientific; >99%; laboratory reagent grade), acetic acid (Chem-lab; >99%; analytical reagent), methanol (VWR Prolabo; technical), and silica gel for chromatography 0.060-0.200 mm 60A (Acros Organics).
Sesame oil (SO) was purchased at a local market (produced by Oleofarm). Turkey male fat (TMF) was obtained from a private ecological farm. The choice of oil was dictated by the results of a survey which indicated that consumers are not interested in turkey fat because of its specific smell, unsuitable for a majority of respondents. By contrast, sesame oil was described as characterized by a pleasant smell and flavor preferred by consumers. Sodium methoxide (Acros Organics, anhydrous, pure) served as a catalyst during chemical interesterification. Other reagents used during the reaction: phosphoric acid (Acros Organics; 85% solution in water; extra pure), diethyl ether (Acros Organics; for analysis), and magnesium sulfate (Vel N.V.; dried; extra pure). For GC analysis, 37-Component F.A.M.E. mix, C4-C24 (Supelco), n-hexane (Vel N.V.; for analysis), sodium hydroxide (Fisher Scientific; 98.4%; analytical reagent), and methanol (Acros Organics, gradient grade) were used. Carboxymethylcellulose obtained from Barentz Hoofddorp, The Netherlands, was employed as a thickener for emulsions. Sodium benzoate was applied as a preservative (Orff Food Eastern Europe).
METHODS
Synthesis of DAG
Diacylglycerols were obtained through intermolecular combination of acyl moieties from different MAG into one molecule, producing an equimolar amount of glycerol. For this purpose, equal amounts (150 g) of MAG and petroleum ether were mixed and heated to the reflux temperature of petroleum ether. When the temperature was reached, 0.088 mol/mol of catalyst (95% sulfuric acid) was added. After 60 min, the catalyst was neutralized by adding the appropriate amount (equimolar to the sulfuric acid) of NaHCO 3 aqueous heated solution and the reaction was interrupted. The mixture was cooled and phases were separated. Petroleum ether from the top layer was evaporated.
Purification of DAG
To obtain high-purity DAG, column chromatography was applied. Silica gel was packed into the column (500 × 50 mm glass column). The reaction mixture was dissolved in petroleum ether (1:1 ratio, wt./wt.) and then in approximately 500 g of silica gel. The mixture was placed into an oven at 70 °C until only dry powder remained. The powder was transferred to the top of the prepared column. The column was eluted with different solvent mixtures ( Table 1) . Samples (20 mL) were collected and analyzed by TLC.
Analysis of DAG
Every second (1, 3, 5, 7, etc.) sample collected from the column was spotted on a TLC (silica gel 60W) plate for a qualitative analysis. A mixture of petroleum ether-ethyl acetate-acetic acid (90:10:1 (v/v)) was used as an elution system. Visualization was carried out by spraying the plate with 95% H 2 SO 4 and heating for 10 min at 120 °C. Samples containing the same components were combined.
Selected samples were analyzed by means of gel permeation chromatography (GPC) using an Agilent 1100 series system (Diegem, Belgium) equipped with a refractive index detector. Tetrahydrofuran stabilized with 0.025% BHT was used as the mobile phase. Isocratic elution was applied to a Phenogel (Phenomenex, Utrecht, The Netherlands) 5 µm, 500 Å LC, 300 × 7.8 mm column at room temperature.
The selection of DAG synthesis, purification, and analysis procedures was based on a previous publication [23] .
Chemical interesterification
Turkey male fat and sesame oil at the ratio 2:3 (wt./wt.) were placed into a single-necked round-bottom flask (magnetic stirring was applied). The interesterification was performed in the closed flask at 90 °C (in an oil bath) for 2 h. After 15 min of heating, when the appropriate temperature was reached, the catalyst sodium methoxide (0.6% of mixture mass) was added and the time of reaction was measured starting from this moment. After a predetermined time, the catalyst was neutralized by adding 50 cm 3 of diluted H 3 PO 4 -heated solution and the reaction was discontinued. Afterwards, the mixture was cooled and extraction with diethyl ether (3 × 80 mL) was performed. The aqueous phase was removed together with products of the reaction between the catalyst and phosphoric acid. The organic phase was dried by adding anhydrous magnesium sulfate (5 g), then, the mixture was filtered, and the solvent was evaporated. 0.6% of catalyst was used in the interesterification reaction, but the total amount was greater, because fats contained water (0.1%) and a small amount of free fatty acids (FFA), which destroyed the catalyst. Therefore, it was necessary to measure the water amount in the substrates by means of Karl Fischer titration and determine the amount of FFA by means of potentiometric titration.
Fatty acid composition
The composition of fatty acids (FA) of sesame oil and animal fat was determined using gas chromatography (GC-FID) after conversion of the fats to fatty acid methyl esters (FAMEs). Identification and quantification of the fatty acids was performed by comparison (as per internal standard) of the retention times with those of a standard mixture of FAMEs and then calculation of the response factors for each fatty acid. The analysis was carried out using the Agilent Technologies 6890N Network GC System with a capillary column (ZebronTM (5 min)--(10°C/min)--300 °C. The flow rate of carrier gas (helium) was 1.5 mL min − 1 . The values were presented as a mean of three measurements.
Content of polar fraction
The content of polar fraction in fat blends before and after interesterification was determined using gel permeation chromatography (GPC) by Agilent 1100 series with a refractive index detector. Isocratic elution was performed with tetrahydrofuran (THF). The separation was achieved by a Phenogel column (Phenomenex, 300 × 7.80 mm, 5 µm, 100 Å). The samples solvent was also THF.
Crystallization point determination
Rheological measurements were performed to determine the crystallization point of the examined fats. Oscillatory tests using a RheoStress 1 Rotational Rheometer (Thermo) equipped with a parallel plate measuring geometry with a 0.5 mm gap and refrigerated cooling system were performed. The test parameters were as follows: A-factor: 23,580 Pa/ Nm, M-factor: 59.95 (1/s)/(rad/s), moment of inertia: 1.56 × 10 − 5 kg m 2 , damping: 30, expansion coefficient: 1100 µm/°C, and torque offset: off. The preheated sample was placed on a preheated plate (60 °C), and the viscosity was measured as a function of temperature (from 60 °C to − 10 °C). The crystallization point was read from the curve refraction.
Preparation of emulsions
Emulsions were prepared according to recipes based on our own experience. The influence of the amount of emulsifiers (DAG) was determined by adding an increasing amount of this compound to the oil phase of the emulsion (Table 2) . Carboxymethylcellulose was dispersed in distilled water. Both phases (oil and aqueous) were heated at 50-55 °C in a water bath. The phases were homogenised using a high shear mixer at a uniform speed of 18 500 rpm for 4 min. Finally, the emulsions were cooled to room temperature and a preservative (sodium benzoate) was added. The total mass of each emulsion was 100.0 g.
Determination of average particle size and particle size distribution
The average droplet size and distribution were determined after 24 h, 4, and 16 weeks. The samples were stored at room temperature (22-23 °C) . For the purpose of measurements, the emulsions were diluted 1:200 with distilled water. Droplet size was measured in the range 0.12-704 µm by laser diffraction using a Microtrac Particle Size Analyzer (Leeds & Northrup, Philadelphia, USA); the total time of each measurement was 30 s. The measurements were repeated three times and given as the mean value. Average particle (droplet) size (D) was presented as a mean diameter [µm] of the volume distribution and was calculated according to the following formula:
where V volume percentage in a channel size and d channel diameter in microns. Mean particle size was presented of the volume distribution, which represents the center of gravity of the distribution.
Dispersion index
It was calculated on the basis of particle size measurements using dynamic laser diffraction according to the formula:
where A, B, and C are the biggest sizes of oil droplets for 90, 10, and 50% of all particles, respectively.
Turbiscan measurements
Destabilization of the emulsions was evaluated using the Turbiscan test (Turbiscan Lab. Formulation, France). Glass cells filled with emulsions were scanned, each 40 mm, with a pulsed near infrared light source (λ = 880 nm) and two synchronized detectors. The transmission detector receives the light through a sample at 0° from the incident beam, while the backscattering detector receives the light scattered by a sample at 135° from the incident beam. The measurements were performed immediately after preparation of the emulsions and at different times for 2 months, in the same glass cell. The examined samples were stored at room temperature 
Results and discussion
Characteristic of the dag
DAG synthesis and purification
GPC chromatograms confirmed a pure fraction of DAG was obtained after column chromatography. Figure 1 presents the differences between DAG after synthesis (a) and after purification (b). Thus, column chromatography can be considered as a suitable technique for DAG purification. The biggest disadvantage of this method is the high consumption of eluents, which affects environmental and economic parameters. However, it was found that mixing the product with silica gel before the purification was very favorable and resulted in reduction of the total amount of silica gel used. Hence, the economic and environmental value of the method was increased and the existing method [23] was optimized.
Characteristics of the fats
Fatty acid profiles of fats
The fatty acid profiles of raw fats, initial blend, and blend after interesterification are presented in Table 3 . Analysis of sesame oil composition showed linoleic acid, which accounted for 54.8%, to be the major fatty acid. Saturated fatty acids constitute about 15%. Palmitic acid (31.7%), oleic acid (27.6%), and linoleic acid (18.3%) were the main components of turkey male fat, while its saturated fatty acids (SFA) constitute about 40% (Table 3) . Turkey fat contained a lower amount of saturated fatty acids than lard or mutton tallow [24, 25] . However, according to [26] , it contained more SFA than chicken fat. The total fatty acid profile of the blend before and after chemical interesterification remained practically unchanged (Table 3) , which is in agreement with numerous studies concerning chemical interesterification [27] [28] [29] . Therefore, interesterification reaction has no influence on the fatty acid composition of a fat blend. As a consequence, this modification can be qualified as an alternative technology for partial hydrogenation, which can lead to formation of deleterious trans-isomers.
Crystallization point of fats
The crystallization point of sesame oil was not determined; the literature [30] reports it is within the range − 3 to − 4 °C. This low value can be explained by the high content of unsaturated fatty acids, due to which the onset of crystallization occurred at a low temperature. It was noted that pure turkey male fat showed a crystallization point of − 3 °C. The addition of sesame oil decreased the value to − 7 °C and after chemical interesterification increased it to − 5 °C (Fig. 2a) .
Content of polar fraction
The results obtained confirmed that new acylglycerols appeared after the interesterification reaction. The fatty blend before interesterification contained TAG and a low amount of FFA, while after the reaction, a higher amount of FFA was noted and appearance of DAG was additionally observed. The amount of MAG was not significant. A higher amount of FFA in the interesterified blend was also confirmed by determining acid value. An increase of FFA content, by 5% in relation with the initial blend, was observed in the interesterified blend (Fig. 2b) . The above data confirmed an alteration of the acylglycerols structure and exchange of fatty acids within and between TAG molecules, which in turn allows to claim that new TAG were formed. According to [31, 32] , these observations lead to emergence of new interactions between TAG. Within the context of this study, the presence of DAG is very favorable, because they are seen as good emulsifiers [25] .
Characteristics of the emulsions
Particle size and distribution of the emulsions
Results of laser diffraction measurements performed 24 h after manufacturing demonstrated 4 µm was the average particle size of emulsions I, III, IV, and V. Only emulsion II exhibited a much greater particle diameter -13.3 µm (Fig. 3a) . Statistical analysis showed a low correlation between DAG content and average particle size of the examined emulsions (c = − 0.30). In general, an increase of average particle size was observed after successive measurements. The highest increase was observed after 4 weeks of storage. Emulsions I and II were characterized by the highest average particle sizes after this time (44.8 and 38.9 µm, respectively). There was a possibility of laser diffraction determination after 16 weeks only for samples which contained more emulsifier (emulsions III, IV, and V) due to the advanced stage of destabilization processes in the remaining systems. Values of particle sizes for emulsions III-V were in the range 51.1-54.8 µm.
Particle size distribution of the emulsions determined 24 h after manufacturing showed only one fraction for emulsions I, II, IV, and V (Fig. 4) . Emulsions I and II Table 3 Fatty acid composition of the examined fats (mean of three (n = 3) measurements ± standard deviation)
nd not detected exhibited one fraction also after 4 weeks of storage. Size variations of droplets were observed for emulsions I and II. Moreover, for both emulsions, a new peak occurred at the end of the curve, which suggests the beginning of a phase separation process. This was confirmed for these emulsions (I and II) by observation of a considerable increase of average particle size after 4 weeks of storage. Emergence of a second fraction was observed in the case of emulsions IV and V, causing a wider droplet distribution (Fig. 4) . Furthermore, higher values of the dispersion index for these systems were reported after this time (Fig. 3b ). According to [33] , a high dispersion index value is evidence of variation of droplet diameters, whereby an early phase separation process becomes more likely. The last measurement (after 16 weeks) showed a further increase of average particle size of emulsions III, IV, and V ( Fig. 3a) , which resulted in translocation of the curve (particle rearrangement) (Fig. 4) .
Turbiscan test of the emulsions
Intensity of the light backscattered by a sample depends on the following parameters: average diameter of particles, their volume fraction, and relative refractive index between the dispersed and continuous phases. Any change due to a variation of the particle size (flocculation and coalescence) or a local variation of the volume fraction (migration phenomena: creaming and sedimentation) can be detected optically [34] . According to [35, 36] , creaming occurs when the dispersed phase has lower density than the continuous phase. This phenomenon could appear together with coalescence or flocculation and lead to phase separation. Creaming can be easily detected by means of the Turbiscan test, because it induces changes in concentration of particles in the top and the bottom of a measuring cell.
In general, the Turbiscan test makes scans at various preprogrammed periods and overlays their profiles on one graph to show the destabilization. Graphs are usually displayed in reference mode, whereby the first profile is subtracted from all other profiles, to enhance visualization of variations. The backscattered light intensity as a function of sample height of emulsion I is presented in Fig. 5a . A decrease of backscattered (BS) light intensity was observed at the bottom of the cell due to a fall of droplet concentration in this area, whereas at the top of the cell, an increase of BS light was observed because of droplet movements (creaming). These results suggested that the amount of emulsifier was not sufficient to properly stabilize the system.
Knowing that these destabilization phenomena occur, the formulation can be modified accordingly and a stable product can be obtained. Typically, in this case, the addition of an emulsifier should improve stability as well as reduce migration and contact of oil droplets, which lead to coalescence and other migration phenomena.
In general, dispersions rarely undergo only one kind of instability, usually several instabilities occur at the same time. The Turbiscan test allows for a macroscopic visualization of concentrated dispersion stability, and hence separation and detection of different instabilities [37] . Like in emulsion I, creaming was observed in emulsion II as well (BS light intensity decreased at the bottom of the measuring cell). This process started relatively early (Fig. 5b) . During the first few days, changes were observed (curves did not overlap) in the intensity of BS light. Moreover, variations of the backscattering profiles indicated changes of emulsion particle size. This led to the assumption that different types of instability, characteristic for coalescence or flocculation, occurred in parallel with creaming.
There is no evidence of changes of the BS light intensity curves of emulsions III, IV, and V-the curves overlapped (the representative Fig. 5c ). This kind of record is proof of the systems' proper condition and absence of changes in the profile indicates excellent stability of the emulsions during the whole storage period.
Changes in appearance of the examined emulsions (I-V) were also observed. A visible inequality of emulsions I and II was noted at the bottom of the measuring cell, thereby confirming instability of these systems. In the case of the three remaining systems, destabilization changes were not observed, the image was uniform and the color was consistent.
Conclusion
Pure DAG were obtained using an existing synthesis method and complementing it with a new purification approach, using column chromatography, increasing in this way the economic and environmental value of the existing method.
The chemically obtained interesterified fat blend of turkey fat and sesame oil contained practically the same fatty acids as the initial blend (before interesterification). The content of free fatty acids as well as diacylglycerols increased in the fat blend after the chemical modification. The crystallization point also changed-increasing by 2 °C. Some emulsions were successfully derived from the new products proposed in this study (interesterified turkey fat and synthetic diacylglycerols). Nevertheless, the proposed amounts of DAG for emulsions I and II were not sufficient for proper stabilization. In the case of other emulsions, suitable stability was confirmed. 6% (wt./wt.) was found to be the smallest amount of DAG needed to obtain a stable emulsion product. However, in our opinion, further research should focus on obtaining a lower droplet size as the average particle sizes of approximately 50 µm were found after the storage period. Research is planned to continue to produce a smaller emulsion particle (smaller dispersion) and to propose a different composition of structured diacylglycerols or introduce changes such as time or rotation speed during homogenization.
